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Study of breaking waves relevant for lake shorelines Frances Ting 
In spring 2011, waves more than 5 feet high driven by 45 mph winds crashed through sandbag and concrete barricades 
along Lake Poinsett and Lake Thompson in 
eastern South Dakota. Spring flooding that 
leads to this destruction has occurred three 
times in the last 15 years. 
"Waves a couple of feet high can produce 
tremendous forces," says professor Frances 
Ting of the civil engineering department. For 
nearly 25 years, he has been studying the 
motion of breaking waves that shape the 
shorelines of lakes, rivers and oceans. 
A strong south or west wind is espcciaUy 
dangerous for Lake Thompson, explains 
Kingsbury Collnty t:mergency Management 
Dirt'ctur Cindy Bau. People on the lake 
sandbagged to break the waves and minimize 
the damage. 
"We did what we were told to do, but it 
didn't work," she says. 
--RrTTT11P<1arts of Lake Poinsett lost 20 to 30 
feet of shoreline, according to David Schaefer, 
emergency management director for Hamlin 
Cow1ty. "Waves just ate it up," 
Lake Poinsett Watershed Project 
Coordinator Richard Smith estimated that 
damage was in excess of $1.5 million. "And 
this was after nearly $750,000 we had spent in 
the years prior to protect from flood waves," 
he explains. 
Understanding a wave's impact 
As a result of the damage these waves can 
do, Ting explains, "federal agencies are willing 
to put resources into protecting the 
coastline." In recognition of his work with 
breaking waves, Ting was named Researcher 
of the Year for the College of Engineering. 
Ting began analyzing waves as a 
postdoctoral research fellow at the University 
of Delaware Center for Applied Coastal 
Research in 1989. After coming to SDSU in 
1995, he has continued that collaboration 
through funding from the Office of Naval 
Research and the National Science 
Foundation. Since 2000, Ting has received 
more than $ l miUion to support his work. 
"A flow pattern of a breaking wave has 
swirling motions like those in a tornado," 
Ting says. His research seeks to answer 
fundamental questions about the form and 
changing flow of these waves and how they 
interact with the bottom and transport 
sediment. 
"The idea is eventually to predict what 
might happen when, for instance, a storm or 
weather system hits a coastline," Ting 
explains. This information will help 
transportation engineers estimate the 
physical impact of water on bridges, dams 
and highways. Community planners can 
determine how to use resources effectively to 
protect the coastline or repair the damage. 
Ting and his team do the experimental 
work, while researchers at the Delaware 
research center perform the computer 
simulations. His current National Science 
Foundation project supports two graduate 
and two undergraduate students. 
Making waves in the lab 
To create the waves in the fluid mechanics 
laboratory, Ting uses a Plexiglas flume that is 
the length of two school buses and holds 
4,500 gallons of water. The flume has a sloped 
bottom and a computer-controUed wave 
maker. As the mechanism moves, a laser 
illuminates tiny tracer particles in the water 
and a camera captures the motion of the 
waves. 
Predicting the behavior of breaking waves 
is difficult. "The surface of the water is 
constantly changing and folding in on itself, 
which makes understanding exactly what's 
going on challenging experimentally and 
computationally," Ting says. 
The challenge is to get good quality data, 
Ting explains. "Waves breaking incorporate 
air into the water, which then reflects light 
and obscures the motion of the tracers." 
After running the experiments, they 
examine the wave's size, speed, rotation and 
other properties of fluid motion, Ting 
explains. "We study the data to gain insight 
into the detailed flow structures." 
Scientists at the University of Delaware 
then compare the experimental data with 
their computer simulations. The researchers 
must fully understand the action of the waves 
before they can begin considering issues such 
as erosion. "Sediment brings it to a new level 
of complexity," Ting adds. 
Moving to three dimensions 
Over the last two decades, Ting has gone 
from studying the movement of a single wave 
to a series of recurring waves and then to 
different types of waves. This work had 
thus far been done in two dimensions, 
but this summer, he and graduate 
student Jedidiah Reimnitz used a new 
laser and camera system to capture 3-D 
images of the flow pattern. 
The researchers will use glass beads that 
have the same density and size as sand 
particles, he says "and see how the turbulence 
generated by breaking waves moves them 
about." 
Once they can understand fundamentally 
how turbulence picks up bottom sediment in 
one specific setting, Ting says, "we can apply 
these basic physical mechanisms to other 
scenarios." 
Only then will simulation and modeling 
be able to help scientists predict how waves 
will affect a coastline, Ting explains. That will 
help zoning officers and emergency 
management directors plan ahead to 
minimize damage from these destructive 
waves. 
Below left to right: Despite attempts to use rocks and 
plastic in the foreground, waves on Lake Poinsett eroded 
the shoreline so much that a road, upper left, now drops 
off into the lake. 
Waves produced by Marsh Lake flooding roll over S.D. 
Highway 21 near Hayti in Hamlin County. 
This three-dimensional image shows the vortex of a wave 
and arrows indicate the direction of the motion. 
Bottom: Civil engineering professor Francis Ting, right, 
starts the wave generator, while graduate student 
Jedidiah Reimnitz, left, uses a laser and three cameras to 
capture 3-0 images as the waves break on the sloping 
bottom of the 92-foot-long flume. 
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Researchers pursue passion, 
help fulfill strategic vision 
In the enduring land-grant tradition, South Dakota 
State is committed to conducting research that 
provides economic benefits and improves the quality 
of life in South Dakota, the region, the nation and the 
world. 
This publication features the contributions of 
nine researchers who were recognized at the 
university's Celebration of Faculty Excellence Feb. 
11, 2013. 
These scientists work to combat diseases that 
affect plants, animals and humans. Molecular 
biologists are unraveling the mysteries of resistance 
to pathogens in plants and using biotechnology to 
develop better vaccines. 
Pharmaceutical scientists are developing drug­
delivery systems to fight viruses. 
Health-care professionals, are preparing nurses 
for the challenges they will face in rural 
communities, and computer scientists are designing 
software used with breast cancer imaging. 
Engineers are designing ways to protect bridges and 
other structures from water erosion and are 
developing technologies to make renewable energy 
more efficient. 
These scientists and engineers are just a small 
set of examples when it comes to the pool of 
talented researchers who have chosen to make this 
university their home, the place where they pursue 
their passion for discovery and their dreams for 
future generations. 
South Dakota State has set forth far-reaching, 
ambitious goals in its strategic vision, Impact 2018. 
As the university moves forward with a framework to 
engage in further interdisciplinary research that 
builds upon its strengths, these dedicated, talented 
professionals help fulfill the goals of Impact 2018 
that will enrich the students' academic experience 
through research, innovation and engagement. 
Kevin D. Kephart, Ph.D. 
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Poetic imagery rooted in 
research 
To catalyze, ignite and magnify-all these images capture what the Honors College means to its students and faculty. But only through research can associate professor 
Christine Stewart understand these metaphors well enough to 
incorporate them into a poem she is writing for the dedication of 
the new building. 
"I have all these images and metaphors from different 
disciplines," Stewart says. "Even if the image ends up being just 
one line of the poem, it has to ring true to them when I borrow a 
metaphor from their field." 
Since coming to SDSU in 2007, Stewart has published three 
books-one based on her dissertation, 60 poems, 10 creative 
nonfiction essays, six book reviews and two teaching-and­
learning articles. Her essay, An Archeology of Secrets, won the 
Briar Cliff Review's 15th Annual Creative Nonfiction Contest and 
was selected as a notable essay in the Best American Essays 2012. 
For her accomplishments, Stewart was n�d cholar of the 
Year for the College of Arts and Sciences. She devotes 12 
hours per week to her writinl!, whi\e teachinl!, two or three c a 
per semester. 
It's not just about imagination, emotion 
Though people might think creative writers rely solely on 
imagination and emotion, Stewart says, "any given piece might 
have a huge variety of research in it." She sometimes puts as 
much as five hours of research into just one metaphor. 
"Creative writing scholars argue that anything that takes 
them out of the realm of imagination is research;' Stewart 
explains. 
Stewart recently wrote a poem about Saint Hildegard of 
Bingen, a Benedictine nun who was a writer, composer, 
philosopher and visionary in 12th century Germany. 
Hildegard compared a woman's body a to lyre, a metaphor 
which Stewart found compelling. "I like it, but I can't throw it 
into a poem without having an understanding of what she meant 
by it." 
To reach into Hildegard's world, Stewart used grant monies to 
travel to Germany to see the place where the saint lived. She 
examined the lyre, listened to music played on the instrument 
and to the hymns Hildegard composed. 
"There are so many layers," she explains. 
Research integral to imagery, structure 
Even works that describe events in her personal life require 
research. 
Hildegard's Metaphors Explain My Miscarriage 
I didn't heed moderation. Hildegard wrote 
glow; I mouthed blaze. Flame-flung 
lovers on the threshing-floor. My flesh, 
a lyre, sung fire. Fingers fanned open 
envelopes of skin; air stroked chords 
of tendon, plucked nerves. Vibrations 
spread. Want harnessed want, a convection 
of the body. And from a tempest I took 
sickness; a hot wind lined my lips 
with dirt. It fed an aerial fire, dried up 
life, bled out my composition. Hildegard 
says emanate warmth; I scribble smolder. 
Christine Stewart 
When her father visited her in Tarsus, Turkey, where she 
taught from 1996 to 1998, he revealed that he had another 
daughter, a sister she didn't know about, and that he had not 
stopped drinking. Her award-winning essay, "An Archeology of 
Secrets," chronicles this. 
The piece springboards from two words that are the same are 
in English as they were in the Hittite culture, which flourished in 
Asia Minor and Syria from 1200 to 1600-daughter and water. 
"Those two words became the dominant metaphors," Stewart 
explains with the water representing alcohol. 
"I rely on research to give me structure," she says. "It's so 
integral to the actual product in the process of writing." 
The archeology theme in the essay asks the question, "how do 
you know whether information is valuable or not?" she explains. 
Her research showed that archeologists leave some quadrants 
alone when they excavate a site because future technologies may 
tell them more, yield better research. 
One scene in the essay talks about her father being in the 
Yletnam WaL To he\p \magine the scene, Ste\ art went on\ine to 
;ulphotos of men in Vietnam to get a sense of what her father 
migl.;-tlta.. looked like then. 
"It can be t otional truth," she says, but"! want it to ring 
true for someone becal s t at convinces them to feel." She 
eventually found out that her a her didn't talk about Vietnam 
simply because no one 
asked him to do so. 
'Tm passionate about 
making the argument that 
we do a lot of research in 
creative genres, though 
it looks very different 
from lab research," 
Stewart explains."! 
would never be able 
to write without it." 
Fathi Benzer, a former SDSU art 
professor, designed the covers of associate 
professor Christine Stewart's two books of poetry, Postcards on 
Parchment, which won the 2007 ABZ Press Poetry Contest, and 
Keeping Them Alive, published in 2010. 
Vi rus genome 
may ho ld key to better 
vacc i ne 
In the 1990s, Midwestern swine producers sounded the alarm about a mysterious disease devastating their 
herds. Nearly 25 years after Porcine 
Reproductive and Respiratory Syndrome 
emerged in North America, the virus 
remains the most important disease affecting 
the worldwide pork industry. 
PRRS costs the U.S. pork industry more 
than $664 million each year. Known as blue­
ear pig disease in many countries, the virus 
causes respiratory distress in piglets and 
growing pigs, sometimes turning their ears 
blue, and late-term abortions in sows. 
Extension veterinarian Russ Daly 
estimates that South Dakota producers lose 
nearly $15 million a year, approximately $ 11 
per pig, due to the disease. 
Dealing with changing virus 
Working with University of Minnesota 
diagnosticians and Boehringer lngelheim 
Animal Health in Missouri, SDSU veterinary 
scientists isolated and characterized the virus 
in 1992. Subsequently, the two universities 
collaborated on developing the first PRRS 
vaccine which was later licensed to 
Boehringer Ingelheim Vetmedica, Inc. in St. 
Joseph, Mo. 
To help producers identify the disease in 
their herd, the research teams developed 
diagnostic tests, first by examining the tissue 
and then via blood tests. In 1993, SDSU 
researchers identified boar semen as a source 
of infection and worked with Tetracore in 
develop a commercial 
PRRS test for semen. 
Though multiple vaccines have been 
developed, the virus's ability to hide in the 
lymph nodes of nonsymptomatic animals 
and to develop different variations has made 
controlling it a major challenge. 
Two genetic strains exist-North 
American and European, but the changing 
nature of the virus results in other 
variations, some more virulent than others. 
The Chinese are dealing with the most 
devastating form of the disease. 
Developing a better vaccine 
As a molecular biologist, Y ing Fang, 
associate professor of veterinary and 
biological sciences, began tackling the PRRS 
problem as a graduate student in biology. 
Fang credits her adviser, Bob Rowland, 
then an assistant professor of biology at 
SDSU, for "drawing me into the PRRS 
world." With his encouragement, she went 
on to earn her doctorate in virology in 2004 
working with the SDSU research team. 
For her discoveries, she was named the 
Researcher for Year award for the College of 
Agriculture and Biological Sciences. She has 
published more than 40 papers in peer 
reviewed journal and received the 2010 
Intellectual Property Commercialization 
award and the 2006 Dean's Research Award. 
Fang developed the first infectious clone 
of the European-like virus that was isolated 
in North America, publishing her work in 
the entire virus, I can 
do the mutations," Ying explains. "If I don't 
have this tool, I can't do the downstream 
work." 
The virus contains about 15,000 base 
pairs of nucleotides, Fang explains. "If you 
mess up with one nucleotide, you may kill 
the virus." But this was what she needed to 
advance her work. 
She did it in one year, and then went on 
to the next step. To develop a better vaccine, 
Fang examined the genetic makeup of PRRS 
virus. 
Other researchers had spent the last 15 
years looking at 25 percent of structural 
proteins encoded by the virus genome, but 
Fang decided to examine the nonstructural 
proteins in the remaining 75 percent. 
Her work attracted the attention of 
professor Eric Snijder, head of the molecular 
virology section at the Leiden University 
Medical Center in the Netherlands and a 
leading expert on arteriviruses in Europe, 
and they began to collaborate. 
The two researchers wrote a review paper 
on nonstructural proteins published in 20 10, 
and Ying visited Snijder's lab. He had used 
bioinformatics to predict the existence of an 
open frame in the genome of these proteins. 
Fang did the lab work at SDSU that 
confirmed the discovery of these unique 
segments. 
By manipulating these sequences, Fang 
then developed a panel of modified live 
viruses that shows potential as vaccine 
candidates to provide better defense against 
PRRS. 
Though Fang has joined her mentor 
Rowland at the diagnostic medicine and 
pathobiology department at Kansas State 
University, she ensured that the intellectual 
property she developed will remain at SDSU. 
From top: China's swine population experiences one of the 
most virulent forms of PRRS, which turns the pigs' ears blue. 
The first outbreak occurred in 2006. 
Permission granted from Journal of General Virology to reprint photo from 
"Anerivirus molecular biology and pathogenesis" by Eric Sniider. Marjolein Kikkert 
and Ying Fang published Aug. 2013. 
In the pursuit of how to genetically engineer a better vaccine, 
Ying Fang documented in a recent paper in the Proceedings 
of the National Academy of Sciences how the discovery of 
ribosome jumping two nucleotides on PRRS virus genome 
opened the door to producing a genetically altered virus, 
which has potential for the development of improved 
vaccines. 
Permission granted from PNAS to reprint photo from "Efficient --2 frameshitting 
by mammalian nbosomes to synthesize an additional artenvirus protein; by Ying 
Fang, Emmely Treffers, Yanhua Li, Ali Tas, Zh, Sun, Yvonne van der Meer. Arnoud 
H. de Ru, Peter A. van Veelen, John F. Atkins, Eric J. Snijder and Andrew Firth 
published in Oct. 2012. 
Consumer sav ·1 ngs survey exam i nes behaviors ,  goa ls 
Only half of all Americans have good habits when it comes to saving money, according to the 
Consumer Federation of America. Those 
in low- to middle-income levels are even 
less likely to put money in savings, says 
assistant professor of consumer sciences 
Sao Hyun Cho. 
She analyzed the complex nature of 
savings behavior as part of a U.S. 
Department of Agriculture National 
Institute of Food and Agriculture study. 
The project looks at the economic, 
sociological and psychological factors that 
affect savings behavior of those classified as 
low to moderate income. 
A 13-member research team from land­
grant universities including University of 
Florida, Virginia Tech, University of 
Maryland, and Pennsylvania State are 
involved in the five-year project that began 
in 2008. Cho's participation in the survey 
of the savings goals and behaviors of 
consumers in 10 North Central states is 
supported by the South Dakota 
Agricultural Experiment Station. 
For her work, she was named 
Researcher of the Year for the College of 
Education and Human Sciences. 
Factors affecting behavior 
Through an online survey, over 800 
respondents answered questions about 
their finances such as whether they had 
savings or investment accounts. The data 
selected for analysis were from those who 
were between the ages of 24 and 66 and 
had a gross income of less than $80,000. 
''I'm most interested in the 
psychological and sociological factors that 
affect economics decisions," says Cho, who 
has been working on the project since 
2010. 
From a sociological perspective, parents 
play a role in the savings behaviors their 
children develop, Cho explains. Those 
respondents whose parents made saving a 
priority and discussed finances positively 
influenced the choices their children make 
as adults. 
"Financial socialization has a 
significant effect beyond adolescent or 
college years;' Cho says. 
Using financial planners as a source of 
information also impacted adult behavior, 
according to the study results. Those who 
make spending plans, write goals and 
monitor their spending tend to save more 
regularly. 
The next step will be to expand this 
study to the general population, according 
to Cho. The researchers hope to establish 
causal relationships through experimental 
work. This will then help them determine 
the critical factors that can help change 
consumer behaviors. 
Motives for saving 
For her dissertation research, Cho 
looked at what motivates people to work 
toward their savings goal using a 
psychological perspective called the 
regulatory focus approach. Consumers are 
classified into two groups-those who are 
positively motivated to save money as a 
way to improve their lives, and those who 
act out of fear to avoid the negative 
consequences of failing to do so. 
"If the savings goals correspond to the 
psychological perspective, a person will 
save more and have a more positive 
attitude about saving," Cho says. Her 
analysis shows that the group that is 
negatively motivated tends to save more. 
Further study on financial knowledge 
Using data from the Financial Industry 
Regulatory Authority, Cho and her 
colleagues also looked at the financial 
planning behavior of younger adults: Did 
they have savings, retirement and/or 
investment accounts? Did they have a 
budget and check their expenses regularly? 
This group tends to own a checking 
account and retirement plans, but they are 
not likely to have checked their credit 
report. "Those young people who can 
tolerate more risk are more likely to begin 
investing and generally participate in more 
sound financial behavior;' says Cho. 
Young adults 
had a retirement 
savings account if 
they had a higher 
level of financial Soo Hyun Cho 
knowledge, an objective consideration, she 
explains. However, those who subjectively 
were more confident about their finances 
were more likely to set aside funds for an 
emergency. 
Making better choices 
For Cho, the push to educate young 
people about the importance of financial 
planning extends to the SDSU campus. She 
and two colleagues in consumer affairs 
hope to start a financial counseling center 
where students can get the help they need 
to make better decisions. 
Financial advisers recommend that a 
person have enough money to pay three 
months' worth of expenses saved in liquid 
form, Cho explains. However, "most people 
don't have that much in savings." 
Through her research, Cho seeks to 
motivate young consumers to develop the 
habit of saving for the future. 
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Soybea n mea l 
may decrease fish production costs 
Livestock production takes on a whole new look with the newest farm critter -fish. 
Increasing consumer demand for fish 
along with a decline in wild fish 
populations has opened the door for 
commercial fish farms. 
Nearly 1 billion people in the world rely 
on fish as their primary source of protein. 
By 2020, experts estimate that these farms 
will provide 60 percent of the world's food 
fish. 
"Food fish production in South Dakota 
is in its infancy," explains Will Sayler, 
fisheries program administrator for the 
South Dakota Game, Fish and Parks. The 
state has 12 licensed private facilities that 
range from raising trout and other game 
fish for stocking ponds and rivers to 
minnows as bait and finally, tilapia as food. 
Professor Michael Brown of the natural 
resource management department has been 
at the forefront of efforts to improve the 
viability of this fledging industry by using 
plant-based protein to reduce the cost of 
high-quality fish feed. 
During the last 19 years, Brown has built 
a comprehensive fish research program at 
SDSU focusing on fish ecology, sport fish 
management and fish culture. In 
recognition of his contributions to research 
and education, Brown was named 
Distinguished Professor, the highest level of 
scholarly distinction granted to a faculty 
member, al the February 2013 Celebration 
of Faculty Excellence. 
Decreasing major operating costs 
"Food costs are our No. 1 expense," says 
Mike Clark, owner of Clark Trout Farms in 
Spearfish. He and his wife, Michelle, have 
been raising brown trout and rainbow trout 
for 10 years. Only a limited amount of the 
100,000 to 150,000 catchable fish raised at 
the hatchery are used as food. Most are sold 
to stock ponds. 
Allan Crow, owner and manager of 
Aquatech Management, agrees that a 
reduction in the cost of feed would have a 
significant impact on his operation. 
Through a partnership with the Hutterite 
colonies, he has been raising tilapia in 
two locations, one near Arlington and 
another near Bancroft in Kingsbury 
County, since 2007. 
"We sell to live fish markets in eastern 
cities and also send them to a fillet market 
in the Denver region," Crow explains. Each 
site can produce 200,000 to 300,000 pounds 
of fish per year. Aquatech's fish feed is 
shipped from Louisiana. 
According to the United Nations' Food 
and Agriculture Organization, fish feed 
accounts for 50 to 70 percent of fish 
farmers' production costs. 
Fish meal made from small marine 
species, such as menhaden, anchoveta, 
herring and sardines, are used as the protein 
source for commercial fish feed, Brown 
explains. At $ 1 ,500 to $ 1 ,800 per ton, 
marine-derived protein drives up the cost of 
production. 
To solve this problem, Brown and 
professor William Gibbons of biology 
and microbiology have developed a method 
of converting soybean meal into a 
concentrated soy protein ingredient that 
can replace marine-derived protein in 
commercial fish feed. 
Opening new markets for farmers 
The three-year project, which began in 
201 1 ,  has received about $ 1 .7 million from 
the South Dakota Soybean Research and 
Promotion Council, with funds coming 
from the checkoff system. In addition, the 
researchers have received support from the 
Agricultural Experiment Station and 
funding for equipment through the 
South Dakota Board of Regents and 
the Legislature. 
"The U.S. is a small player in 
aquaculture," says Doug Hanson, a member 
of the South Dakota Soybean Council and 
one of the driving forces behind this 
research. "We decided to see what we can do 
domestically with research to be 
competitive in producing fish." 
Raising fish commercially has moved 
indoors, like the chicken, pork and turkey 
industries, Hanson explains. "We should be 
able to raise fish intensively as well as 
anyone else." 
Last year the Elk Point farmer planted 
20 acres of soybeans bred specifically for 
commercial fish feed. Despite the 
challenging growing season, Hanson says, 
the yield was about the same as his other 
soybean varieties. According to Brown, 
these beans are high in protein and low in 
sugars and oil. 
For soybean processors, it means 
another outlet for their product. Most of 
the Volga plant's soybean meal goes to feed 
swine with a lesser amount used for poultry, 
explains Tom Kersting, CEO of the South 
Dakota Soybean Processors. "This would 
help expand our market base with a new 
type of livestock." 
The Volga plant produces 44 pounds of 
soybean meal for every 60-pound bushel of 
soybeans that it processes, for a total output 
of around 600,000 tons of meal per year. 
Converting soy meal 
It's a team effort. Gibbons transforms 
the soybean meal into a form that the fish 
can use. Brown then determines the 
percentage of soy product that can be used 
to replace the marine-derived protein yet 
maintain a nutritionally balanced diet for 
the fish. 
Gibbons and his team treat the soy meal 
to mechanically and chemically open the 
fibrous material and then add enzymes and 
microorganisms that transform the 
complex sugars into proteins. 
The conversion process increases the 
protein content from 45 to 65 percent. 
When the incubation process is complete, 
the solids are harvested, dried and then 
delivered to Brown in suf 1cient quantities 
for formulation and feed produ t'on. 
Brown determines the composit1 
the dried solids and formulates feed that 
will meet the nutritional requirements in 
terms of protein, amino acids, vitamins and 
minerals for a particular fish species. 
These diets 
are then fed to 
yellow perch and 
rainbow trout to 
determine the 
effects on 
efficiencies and 
growth 
performance. 
A total of one 
postdoctoral 
researcher, three Michael Brown 
doctoral students, two master's students and 
nine undergraduates work on this project in 
the two labs. 
Even if processing the soy doubles the 
cost of the feedstuff, it could result in a 50 
percent savings for commercial fish 
producers, explains Gibbons. "We can create 
a new local product that will be twice as 
valuable." 
Through this work, the researchers 
predict that they will help South Dakota 
fish farmers capitalize on the world's 
appetite for food fish and expand 
opportunities for South Dakota products. 
From top: Five-liter reactors hold soybean 
meal that has been treated to transform 
complex sugars into protein. Postdoctoral 
researcher Bishnu Karki removes a sample for 
analysis each day. 
Doctoral student Timothy Bruce, left, and 
undergraduate Tabor Martin feed yellow perch 
experimental diets containing modified soy as 
a protein substitute . 
The growth performance of these eight-month­
old yellow perch is assessed to determine the 
maximum amount of soy protein concentrate 
that can be used to replace fish meal as a 
protein source in high quality fish feed. 
Alte rn at ive fu e l  so u rces 
add value to SD products 
dding value to South Dakota's crops 
means coaxing grains, grasses and 
seeds to yield sugar, oil and protein, 
according to Kasiviswanathan 
Muthukumarappan, professor of the 
agricultural and biosystems engineering 
department. 
The bioprocessing engineer has been 
finding new uses for South Dakota crops 
since 1997. In February, he received the title 
of Distinguished Professor in recognition of 
his significant contributions to research and 
education. This award is the highest level of 
scholarly distinction granted to a faculty 
member. 
Muthukumarappan was also named a 
fellow at the 2012 American Society of 
Agricultural and Biological Engineers 
Annual International Meeting. 
Approximately 5,000 consultants, managers 
and researchers from more than 100 
countries belong to the engineering society, 
but only 0.2 percent achieve the designation 
of fellow. 
He credits his success to the spirit of 
cooperation nurtured at SDSU that 
encourages experts from different colleges to 
collaborate as a team to develop proposals 
and conduct research. 
Beginning with food grains 
Over the last two decades, 
Muthukumarappan's research has run the 
gamut from food grains to grasses and other 
nonedible alternative fuel sources. His work 
reflects the scope of his experiences here and 
abroad. 
He began during his master's work 
studying rice kernels in Thailand at the Asian 
Institute of Technology, Bangkok. When he 
moved to the University of Wisconsin at 
Madison for doctoral study, his research 
expanded to corn kernels, and eventually, as 
a postdoctoral researcher at the W isconsin 
Dairy Research Center, he tackled dairy 
products, investigating the properties of 
cheese including methods to measure cheese 
meltability and how it stretches. 
Adding value to SD products 
When Muthukumarappan came to SDSU 
in 1997, the university's emphasis was on 
strengthening research through 
collaboration. His assignment was to add 
value to South Dakota crops. To do this, he 
has applied the extrusion process to a variety 
of grains and plants. 
"The extruder uses heat and pressure to 
form the biomass into pellets. The materials 
go from high pressure back to atmospheric 
pressure, which expands the material and 
opens up the matrix," he explains. 
In 2001 as the state's ethanol industry 
expanded, Muthukumarappan explored ways 
to use dried distillers grains with solubles, a 
corn byproduct from fuel production. 
Initially, he analyzed it as a protein source in 
From top: Parisa Fallahi, now a postdoctoral research 
associate, pours ethanol into seeds as part of the oil 
extraction process. 
Two types of canola seeds, Juncea, left, and Napus, have 
been ground for testing. The team has narrowed the oil 
seeds under investigation to carinata and camelina in the 
background. 
Graduate student Muthu Ramanathan examines the algae 
column for which researchers are developing a new means 
of extracting alcohol. 
dog food, and later, in collaboration with 
fellow distinguished professor Michael 
Brown (see story opposite page) and experts 
from the U.S. Department of Agriculture, as 
a replacement for fish meal in high quality 
commercial fish food. 
Breaking down plant matter 
A decade ago when SDSU became the 
North Central Regional Sun Grant Center, 
Muthukumarappan became involved in the 
engineering aspect of renewable energy 
production, using the extruder to break 
down plant fibers to release sugar that can be 
converted into biofuel. Sun Grant, funded 
through the U.S. Departments of 
Agriculture, Defense, Energy and 
Transportation, promotes collaboration 
among researchers from land-grant 
institutions, government agencies and the 
private sector to develop bio-based 
transportation fuels. 
Essentially the corn-to-ethanol process 
was well developed, but research on breaking 
down dry plant mat ter, such as cornstalks 
and native grasses, was in the early stages, 
Muthukumarappan explains. 
Through the Center for Bioprocessing 
Research and Development, headquartered 
in Rapid City, Muthukumarappan also 
worked with researchers at the South Dakota 
School of Mines and Technology to develop 
ways to decrease the cost of processing plant 
mat ter to make biofuel. Using the Sanford 
Underground Laboratory at Homestake 
Mine, the collaborators identified a highly 
efficient organism called an extremophile 
that increased sugar production using a 
smaller amount of enzyme. 
Making jet fuel 
More recently he is part of an 
interdisciplinary team of plant scientists, 
engineers and economists working on the Oil 
Seeds Initiative to convert oil from 
feedstocks, such as flax, camelina, carinata, 
safflower and canola, into jet fuel. The three­
year project is funded by the South Dakota 
Legislature and Sun Grant. 
In the first year, his team narrowed the 
potential oilseeds to camelina and carinata, 
which is also called Ethiopian mustard. 
"Carinata has more oil and less meal, 
while camelina has slightly reduced oil and 
more meal," Muthukumarappan explains. 
The meal's potential as feed for fish and 
other animals was also a consideration. 
Muthukumarappan and colleagues, 
professor Jim Julson and assistant professors 
Lin Wei and Zhengrong Gu, also determined 
that the most effective extraction methods 
are cold press and solvent-assisted extrusion. 
The first step in both methods is to grind 
the seeds, says doctoral student Parisa 
Fallahi. For cold press, the oil is extracted 
after soaking them in ethanol for three 
hours. 
Solvent-assisted extrusion uses ethanol as 
a solvent, and then the extruder further 
breaks down the seeds to release the oil. Two 
postdocs, two doctoral and three 
undergraduate students working part time 
are involved in his biofuels research. 
Next year, the team will focus on 
characterizing the oil's properties-the 
carbon, hydrogen, oxygen content-and 
producing the quantities needed for use as jet 
fuel. Muthukumarappan will also work with 
fisheries and animal scientists to find uses for 
the meal. 
Since March, Muthukumarappan has 
worked with Gu and Wei on a Sun Grant 
project to improve the way biofuels are 
harvested. The new method will improve the 
efficiency while minimizing the damage to 
the bacteria or yeast used to produce the fuel. 
Muthukumara'ppan and his team will 
determine the levels of carbon, hydrogen and 
oxygen of the fuel collected using the new 
separation system. The system works for 
ethanol 
produced from blue­
green algae. 
Within the next 
decade, the 
researcher hopes to 
see pilot scale bio­
fuels facilities being 
built. "We are on the 
right track; i t's just a 
matter of time. 
"When we 
collaborate, we can 
Kasiviswanathan Muthukumarappan 
be much more productive," 
Muthukumarappan says. 
International 
collaboration 
helps meet 
global demand for 
Last year the world consumption of wheat for food and feed outpaced production by more than l billion bushels, according to 
U.S. Department of Agriculture world 
agricultural supply and demand estimates. 
Experts predict that this year's shortfall will be 
nearly 73.5 mil lion bushels. 
Since wheat is grown on more land than any 
other crop in the world, what can be done to 
meet this increasing demand? 
According to assistant professor of biology 
and microbiology Jai Rohila, scientists will have 
to work together to develop high-yielding wheat 
that can resist drought, disease and other 
stressors. That development is the key to making 
agriculture sustainable in the face of climate 
change. 
The molecular biologist's commitment to 
unravel ing the wheat's genetic secrets has earned 
him an international reputation that has brought 
scientists from two continents to his lab this 
summer. In February, he received the award for 
faculty engagement in international affairs at the 
SDSU Celebration of Faculty Excellence. 
This summer he completed a chapter on 
drought resistance in small grains for the 
Handbook of Plant and Crop Physiology, which 
some term "the bible for plant physiologists." 
More than 70 international experts contribute to 
this reference book. 
Developing drought-tolerant wheat 
"At this stage, we are not well prepared for 
drought conditions in South Dakota," explains 
Rohila. The SDSU spring wheat breeding program 
has never specifically tested its wheat varieties for 
drought tolerance, according to Karl Glover, 
associate professor of plant science. 
Through a two-year $60,000 grant from the 
U.S. Agency for International Development, Rohila 
has obtained drought-and heat-tolerant 
germ plasm from Alexandria University in Egypt. 
"Egypt is growing wheat in drought conditions 
all the time," Rohila said. For the project which 
began in 20 1 1 , he collaborates with his 
counterpart, Sanaa Milad of the biotechnology lab 
at Alexandria University. 
"The long-term goal is to discover the genes for 
drought and heat tolerance and use them in the 
South Dakota wheat improvement program to 
make our wheat ready for dry or hot years," Rohila 
explained. 
Rohila and his team of two graduate and two 
undergraduate students analyzed the genetic 
makeup of the Egyptian germplasm and compared 
it to South Dakota wheat. They have identified 96 
proteins that are differentially expressed in the 
drought-tolerant wheat. 
Once Rohila identifies the genes and proteins 
with significant influence on the drought 
resistance, wheat breeder Glover will cross the 
Egyptian germplasm with South Dakota wheat 
varieties and then screen for those functional gene 
and protein markers. The breeding process will 
take from six to 1 0  years. 
"I can create germplasm that should 
theoretically be as resistant to drought as what he's 
identified-developed in and for South Dakota;' 
Glover says. 
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Fighting tan spot i n  Algerian wheat 
Visiting scientist Hamida Benslimane from 
M'hamed Bougara University in Algeria wants to 
unlock the secrets to building resistance to tan 
spot, a fungus that significantly reduces yields. 
"This pathogen causes too much damage;' says 
Benslimane, citing significant yield losses in North 
African wheat fields. 
"Here I found people who have been working 
on tan spot for 20 years," she explains. Small grains 
pathologist Shaukat Ali is helping Benslimane 
understand the disease, while Rohila will focus on 
the plant's genetic makeup to help her figure out 
what makes one variety resistant and others 
susceptible. 
"I must first understand the pathogen before I 
can make resistant genotypes of wheat," explains 
Benslimane, who brought fungal specimens 
recovered from tan spot-infected Algerian wheat 
plants to analyze their race structure. A different 
gene controls resistance in each race of the 
pathogen. 
"It's essential to breed any cultivar to 
incorporate resistance to diseases;' explains Ali. 
Diseases can be managed with chemicals, but that 
method is expensive and can be tough on the 
environment. 
"Having resistance in the variety is much 
better," Ali says. 
Benslimane seeks to learn as much as she can 
from the SDSU experts. "They can provide me the 
facilities to conduct research, so I can get more 
experience and knowledge." 
Exploring preharvest sprouting 
South Korea imports 1 82 million bushels of 
wheat every year, says visiting scientist, Dea Wook 
Kim from the National Institute of Crop Science in 
Suwon, South Korea. Only 1 .47 million bushels or 
1 percent of the wheat used in his 
country is produced locally-the rest is 
imported. 
Due to significant increases in the 
price of wheat, the South Korean Jai Rohila government set out in 2008 to increase 
local production to 1 0  percent by 20 1 7, 
explains Kim. "We are trying to expand the area of 
cultivation and improve the quality and yield." 
As part of a two-year project, Kim has come to 
SDSU to study why one line of wheat is more 
susceptible to preharvest sprouting than another. 
Korean farmers raise white winter wheat, 
planting in October and harvesting in June; 
however, the country's rainy season begins in June, 
explains Kim. If the rains hit before the crop has 
been harvested, the grain begins to sprout in the 
head. 
"It's a problem everywhere," says Rohila. "Just 
before harvesting, farmers don't need rain. When 
farmers can't get in the field, ear loss and quality 
loss can happen." 
White winter wheat is particularly susceptible 
to preharvest sprouting, explains Kim. 
To help Kim improve preharvest sprouting 
tolerance in Korean wheat, Glover has provided 
him with 40 lines of wheat-half of them are 
tolerant to preharvest sprouting and half are 
susceptible. 
"I did not expect this," says Kim. "I'm very 
excited now." He will compare the lines to 
determine which proteins account for this 
tolerance, just as Rohila is doing with drought 
tolerance in Egyptian wheat. 
Working with scientists from around the 
world, SDSU researchers are helping increase 
wheat production to meet an increasing global 
demand. 
Clockwise from top left: Visiting scientist Hamida Benslimane from 
M'hamed Bougara University in Algeria came to SDSU to study tan spot, 
using fungal specimens of Algerian wheat plants. She worked with 
molecular biologist Jai Rohila and small grains pathologist Shaukat Ali. 
Visiting scientist Dea Wook Kim, left, from the National Institute of Crop 
Science in Suwon, South Korea, examines South Dakota wheat to unravel the genetics behind resistance to preharvest sprouting. Spring wheat 
breeder Karl Glover, center, supplies the wheat varieties and Rohila 
provides the genetic expertise. 
Graduate student Manali Shirke prepares the immature embryos for her 
wheat-transformation experiments as part of the effort to develop drought­
tolerant lines for South Dakota farmers. 
Rohila examines plants in the petri dish that have been regenerated from 
transformed wheat cells. This protocol, perfected at SDSU, allows him to 
genetically modify a single cell of wheat and then develop a full plant from 
that cell . 
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Com me rc i a l i zat i o n  
req u i res th i n ki ng b ig 
hinking big-that's what 
engineers developing renewable 
energy materials and devices must 
do to commercialize their technologies. 
Companies ask researchers to think a 
bit further than what is required of when 
doing scientific research, according to 
associate professor Qi Hua Fan of the 
electrical engineering and computer 
science department. 
For his efforts to commercialize his 
work in advanced photovoltaics and 
plasma science, Fan received the Pat and 
Jo Cannon Intellectual Property 
Commercialization Award. This award 
honors researchers whose inventions 
have the greatest potential for regional 
economic development and successful 
commercialization through technology 
transfer to an industrial partner. 
Fan recalls an instance involving a 
tiny piece of new material with a textured 
surface that his research group had 
developed. When he showed it to the 
company's engineer, his first question 
was "How big can you make it?" 
University researchers usually develop 
and characterize small pieces of 
materials, but companies must scale-up 
these technologies for their applications, 
Fan explains. 
Combining thin films and energy storage 
"We expect our research outcomes to 
have a big impact on the environment," 
says Fan, about combining solar cell 
technologies with energy-storage devices. 
This spring he received a proof-of­
concept grant from the North Central 
Regional Sun Grant Center to determine 
if biochar nanoparticles can be rapidly 
deposited onto films to decrease the cost 
of supercapacitors. Proof-of-concept 
grants allow researchers to show that 
their bio-based technologies merit 
a greater investment to bring 
them to the commercial 
marketplace. 
Fan has developed a patent-pending 
method for depositing nanoparticles on a 
substrate using a simple chemical 
process. The technology has been 
licensed to Applied NanoFilms LLC, 
which supplied a portion of the matching 
funds for the nearly $30,000 grant. 
Braden Bills, Applied Nanofilm's 
research director, says his firm invested in 
Fan's project as part of its work to 
develop a platform technology for 
depositing nanoparticles into thin films 
for many applications. 
Supercapacitors are an advanced 
means of storing electric energy, but they 
use costly activated carbon as the 
electrodes. Replacing the activated 
carbon with biochar, a byproduct of the 
process used to turn cornstalks and other 
plant materials into biofuel, has the 
potential to significantly decrease the cost 
of the supercapacitors. 
"We can make good use of the 
otherwise wasted biochar," Fan says. 
"The amount of charge stored in a 
capacitor depends on the surface area," 
Fan explains, "and the biochar 
nanoparticles can create an extremely 
large surface area, which can then hold 
more charge." 
Once this work is completed, Fan and 
assistant professor ZhengRong Gu of 
agricultural and biosystems engineering 
w ill Jetermine the energy-storing 
capacity of the resulting supercapacitor. 
Though the biochar device may not 
compete with other carbon materials in 
terms of storage density, its decreased 
cost will make it 
competitive in the 
marketplace, Gu explains. 
By using biochar for 
energy storage, Fan 
explains, "We're trying to 
reduce carbon emission 
into the atmosphere." 
Forging partnerships 
Ten years ago Fan 
worked as a research 
scientist for Wintek, a 
Taiwan-based company that 
makes flat panel 
di lays o �����···jill- notebooks 
I and 
touch screens in Ann Arbor, Mich. While 
Fan was a research assistant professor at 
the University of Toledo, he also forged 
a relationship with engineers at 
Xunlight, a solar panel manufacturer in 
Toledo, Ohio. 
When Fan came to SDSU three years 
ago, he kept in contact with engineers at 
the companies while searching for 
possible applications for newly developed 
materials. 
Through these discussions, Fan got a 
better understanding of what the 
companies needed. "I try to combine my 
research with what they want," he says. 
"Technology is changing so fast," says 
Fan. "It's tough for companies to keep up 
their research and development 
expertise." That's where universities 
can help. 
Speeding up manufacturing processes 
Fan has leveraged the photovoltaic 
center's materials expertise with Wintek's 
interest in developing applications for 
plasma processes. The company plans to 
provide the university with $1.1 million 
in equipment, and Fan will develop ways 
of producing more efficient, better 
performing products, such as silicon and 
carbon thin films, which the company 
uses for its displays. 
"Plasma processing is a very critical 
technology i n  modern optoelectronic 
materials and devices," Fan explains. It 
uses high-energy plasma to create micro­
or nano-scale patterning, thus creating 
Qi Hua Fan 
the pixels that produce images on the 
screen. 
The goal is to develop a faster process 
that will then reduce the cost of 
producing thin film products. The work 
began this fall. 
Using new reflective materials 
"Back reflectors are key components 
in thin film solar cells," explains Fan, 
because they reflect light back into the 
absorber, enhancing solar cell efficiency. 
However, current materials tend to 
oxidize and deteriorate over time. 
The optoelectronics group has 
developed a l111ique material that 
promises to be more durable than what is 
currently being used. Through 
conversations with Fan, Xunlight 
engineers became interested in using this 
material. 
Longer-lasting back reflectors 
translate to more efficient, cost-effective 
solar cells. 
Fan anticipates that once the 
material's durability has been verified, 
the company will mass produce it. As a 
result, material developed at SDSU will 
go from the lab to the commercial 
market as part of Xunlight's solar panels. 
And as Fan will say, engineers reap 
rewards when they dare to think big. 
Above: Graduate student Rakesh Gupta takes a thin film 
sample out of the biochar solution. The use of biochar in 
place of expensive activated carbon can decrease the cost of 
supercapacitors, which store renewable energy. 
Left inset : The crystalline structure and optical constants of 
this piece of silicon film can be measured using a 
spectroscopic ell ipsometer. 
Left: Associate professor Qi Hua Fan prepares to evaluate the 
reflectance of a material using the spectrophotometer in his 
materials characterization lab at Daktronics Hall . 
Young scientist 
deve l o  s softwa re for cancer detection , image transmission 
inding breast tumors and 
transmitting images from Mars 
might seem worlds apart, but 
assistant professor Wei Wang of the 
electrical engineering and computer 
science department is playing an 
integral role on teams working on 
both projects. 
For his research work, Wang received 
the Sherwood and Elizabeth Berg Young 
Scientist Award, which recognizes 
outstanding accomplishments by faculty 
in the early stages of their careers. It 
provides $3,000 to support the 
recipient's research. 
Wang, who has been at South 
Dakota State University since January 
20 10, earned his doctoral degree in 
computer engineering from the 
University of Nebraska-Lincoln in 
December 2009. 
Developing new cancer 
imaging technique 
Wang and computer science 
professor Sung Shin have been 
collaborating with The Electronics and 
Telecommunications Research Institute 
and Chung Nam University in Daejeon, 
South Korea, to develop microwave 
tomography imaging as a means of 
detecting breast cancer. 
The government-owned Korean 
research institute holds the patent on 
the microwave tomography instrument 
and hopes to market it to U.S. health­
care institutions. 
Tomography imaging may be able to 
more accurately detect tumors, 
particularly in women with dense breast 
tissue, at a fraction of the cost of current 
techniques, says Shin. 
In addition, it offers an increased 
comfort level and fewer steps for the 
patient. Unlike mammography, no 
compression techniques are necessary. 
Waves travel through a gel called 
Phantom, so the patient simply lies 
down on a special bed that allows her to 
place one breast at a time in the gel, 
Wang explains. 
Tomography images are three­
dimensional, so only one image is 
required, rather than the multiple angles 
necessary with mammography. This 
technology may also be suitable for 
prostate cancer. 
In January, the SDSU team received 
data from the first 1 5  patients screened 
using this experimental procedure. Each 
patient was evaluated using the new 
imaging technique, magnetic resonance 
imaging and mammography. 
On this portion of the international 
collaborative project, Wang and Shin are 
working with Dr. Wu-Kyung Moon of 
Seoul National University, a medical 
doctor and one of South Korea's leading 
cancer researchers. 
Designing software to compare images 
The software under development 
first identifies the tumor on the 
microwave tomography image and then 
compares that to a database of more 
than 1 00,000 MRI images, Wang 
explains. The program then chooses the 
cases that are most similar and extracts 
the image along with the case file. 
The cases selected will tell doctors 
what treatments were used and how 
successful they were at combating the 
cancer. Based on the patient histories, 
doctors will have the information they 
need to determine the best plan of 
action. 
The process, however, is dependent 
on the quality of the image that the 
machine produces. Currently the 
microwave tomography system uses a 
wave frequency of three gigahertz, Wang 
says, "which gives the patient exposure 
to less radiation than using a cellphone." 
The research institute is upgrading 
its system to six gigahertz and hopes to 
schedule human testing by March 20 14. 
"Higher frequency will give a better 
image," Wang said. They estimate that 
this work will take them until 20 1 5  to 
complete and hope future funding will 
involve partnering with an American 
health-care facility. 
Advancing device-to-device 
communications 
Since 2012, Wang has been exploring 
direct communication between devices 
through a two-year NASA/Experimental 
Program to Stimulate Competitive 
Research grant with professor Kazem 
Sohraby, head of the electrical and 
computer engineering department at 
the South Dakota School of Mines and 
Technology in Rapid City. 
NASA is interested in deploying 
autonomous wireless devices on Mars, 
explains Sohraby, the project's principal 
investigator. These devices must be able 
to interact with one another as well as 
the outside world without the need for 
human control. 
To do this, intermediary wireless 
relays must be strategically positioned 
on Mars and alongside satellites to cover 
the immense distance to Earth and to 
address the issue of reliability of those 
communications, Sohraby explains. 
Enhancing the function of these relays 
means optimizing energy usage and 
maximizing the amount of information 
the devices can exchange. 
Co-principal investigator Wang has 
come up with what Sohraby calls "very 
creative ideas in terms of image 
communication." To facilitate space 
communication, he devised a technique 
that will reduce the size of the image 
thus optimizing the bandwidth. 
The same technology that works in 
space can improve multimedia wireless 
communication on Earth. 
"The idea of wireless relays in the 
skies is not very different from the idea 
of communication between two 
cellphones without involvement of the 
base station," says Sohraby. 
"Wireless is dominating," explains 
Wang, referring 
to computer 
networks and 
Internet traffic. 
However, the 
bandwidth 
which handles 
an mcreasmg 
amount of 
multimedia 
information is 
approaching its 
theoretical limit, 
creating a virtual 
bottleneck. 
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Phone-to-phone 
communication can 
improve download 
speeds and reduce 
costs, plus providers 
can accommodate 
more users, explains 
Wang. "People are 
looking at that right 
now." 
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Nursing research to 
improve ru ra I h ea l th  ca re 
It's not a matter of numbers but location. With 1,247 registered nurses per 100,000 people, South Dakota has 
one of the nation's highest ratios of 
registered nurses, according to the 2013 
U.S. Nursing Workforce Report. 
"One would assume with South 
Dakota's larger population ratio of nurses 
that our state would have our needs met. 
However, some rural areas have difficulty 
finding nurses, while some areas, such as 
Minnehaha and Pennington counties, may 
have more than an adequate supply," 
explains Linda Young, nursing specialist at 
the South Dakota Board of Nursing. 
Location makes a difference 
The South Dakota Board of Nursing 
does not monitor where these nurses work 
but where they live. Young reports that as 
of December 2012, 13,307 registered 
nurses reside within South Dakota. 
However, they don't necessarily work in the 
town where they live. 
"When we break that down by county 
or region, we have those pockets where 
there aren't enough nurses to meet the 
needs of those in the communities," Young 
explains. She cites the central region, from 
Corson County to Gregory County, which 
has numbers ranging from 9 to 77 nurses 
per county. 
That's where Lois Tschetter, associate 
professor of nursing, comes in. 
She is project director for a three-year, 
$ 1.09 million grant from the U.S. 
Department of Health and Human 
Services that has positioned the nursing 
program at the forefront of efforts to 
prepare students to work in these rural 
settings. 
For her work, Tschetter was named 
Researcher of the Year for the College of 
Nursing at the 2013 Celebration of Faculty 
Excellence in February. 
The Simulation, Informatics and 
Technology Enhancement (SITE) project 
began in July 2011. Nancy Fahrenwald, 
dean and former associate dean for 
research; instructor Paula Lubeck, who is 
the project manager, and 10 faculty 
members in the areas of mental health, 
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pediatrics and medical surgical nursing 
have been working on the project. 
Rural nursing present challenges 
"It's a different type of nursing," says 
Young of the challenges that rural health 
care presents. 
Nurses it1 these communities have to 
know all aspects of health care, Tschetter 
explains. A pregnant woman may come 
into the rural hospital emergency room in 
labor and the nurse must simultaneously 
provide emotional support to the patient 
and her family as well as collect assessment 
data and communicate with the physician 
regarding a plan for care. 
"If you come to a small facility and 
build your skill set, you'll be able to work 
anywhere," says Carmen Fees, director of 
nursing at Philip Health Services. Philip is 
80 miles east of Rapid City and 80 miles 
southwest of Pierre. 
Affiliated with the Rapid City Regional 
Hospital, Philip Health Services has an 18-
bed hospital and 30-bed nursing home. 
More than half of the hospital patients are 
waiting for a long-term care bed, and 
nursing home beds are filled as soon as one 
is available, Fees explains. The two facilities 
share nurses. 
"Just one person with enthusiasm, 
positive attitude and a skill set can make a 
huge difference here," Fee says, but there's a 
lot of responsibility. 
"If you are the nurse on the floor, you 
are the respiratory therapist, the IV person 
and the wound care specialist," Fees 
explains. "You get to run the whole show." 
That attracts some nurses, but frightens 
others, especially those fresh out of nursing 
school. 
Simulations re-create rural scenarios 
Through the grant, the SDSU research 
team built a simulation lab on the third 
floor of Wagner Hall in which nursing 
students can learn the wide of range of 
skills they will need, according to Tschetter. 
Pediatric and infant mannequins were 
purchased to go with the four adult 
mannequins the college already owned. 
Instructors have developed simulations 
to mimic situations students could 
. . . . . . . . . .  Lois Tschetter 
encounter and 
implemented them 
into the curriculum, 
Tschetter explains. 
One setting might be 
a rural clinic, another 
in a rural hospital 
and a third in a large 
acute-care setting. 
Someone comes 
into a small 20-bed 
hospital, for instance, 
Tschetter says, "and 
the nurse will have to 
use telemedicine to 
call providers at a 
large health-care 
institution where 
experts can provide 
guidance on how to 
care for this patient." 
Nursing students 
work through the 
scenarios using the lab mannequins, review 
the videotape with their instructors and 
then discuss what went well and how they 
can do better in the future. 
"Students can have experiences that 
they wouldn't get to be a part of in the 
hospital;' Tschetter says. "And it's safe; no 
one gets hurt." 
Young sees this type of training as 
beneficial to new graduate nurses. "To give 
them additional education and training 
opportunities while still under the wing of 
experienced licensed nurses will give them 
the confidence and competency they need." 
Curriculum to help rural 
health care nationwide 
As part of the grant, Tschetter and her 
team will share what they've learned with 
other nursing schools so they can develop 
programs specifically geared to rural health 
care. "We can help them get that rural 
focus for their students," Tschetter says. 
More recently, the simulations have 
involved pharmacy students, adding the 
collaboration emphasized nationally, she 
explains. With future funding, the 
researcher hopes to add SDSU students 
from nutrition and social work to the 
scenanos. 
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"We think our rural focus is unique and 
something we want to pull together, write 
about and make available to other schools," 
Tschetter explains. SDSU has implemented 
this curriculum in Brookings, Sioux Falls 
and Rapid City and will extend this to its 
new site in Aberdeen. 
Based on her experience with the 
board of nursing, Young says, "Every one of 
the states has a rural nature to it, and all 
deal with these same rural issues." 
As a result of this research, the 
curriculum that Tschetter and her team 
have developed at SDSU has the potential 
to improve health care for rural 
populations across the nation. 
From top: South Dakota State University nursing student 
Kelsey Ray administers an IV to simulation mannequin Anne 
Jackson in the SDSU lab in Wagner Hall in May 2013. 
South Dakota State University Dean Roberta Olson, left, who 
retired in July, joins associate professor Lois Tschetter, at 
the university's Celebration of Excellence ceremony in 
February 2013. 
South Dakota State University nursing student Alyssa 
Kerkart listens to the heartbeat of simulation mannequin 
Anne Jackson in the SDSU lab in Wagner Hall in May 2013. 
New vaccine-
d e I i  ve ry system targets i nf l uenza .  cancer 
A1ew vaccine-delivery system that 11obilizes a virus-fighting army ·ather than a few soldiers may help 
the body defend itself against diseases like 
throat cancer and influenza. 
In recognition of this discovery's 
potential impact, assistant professor 
Hemachand Tummala became the first 
member of the pharmaceutical sciences 
department to receive the Innovation in 
Biotechnology Award from the American 
Association of Pharmaceutical Scientists. 
In May, Tummala delivered a talk on how 
the antigen delivery system works with 
influenza vaccine at the association's 
National Biotechnology Conference in San 
Diego, Calif. 
The main goal of a vaccine is to 
stimulate the immune system to fight 
against a pathogen that causes the disease, 
explains Tummala, who was named 
Researcher of the Year for the College of 
Pharmacy. "We want to make a delivery 
system that mimics pathogens by 
stimulating the immune system without 
causing infection." 
Funding for the project comes from 
the Translational Cancer Research Center, 
one of the Governor Research Centers, 
and the College of Pharmacy. The patent­
pending technology has been licensed to 
Medgene Labs of Brookings, which 
specializes in infectious diseases in 
animals and humans. 
Defending the body against invaders 
Tummala compares the body's defense 
system to our country's security forces. 
The first line of defense, the skin, is similar 
to our nation's borders, he explains. When 
a pathogen penetrates the skin, this 
security breach triggers the release of 
antigen-policing cells that search the area. 
"They identify the invaders, catch and 
process them and then move to the lymph 
nodes to present the information to other 
effector immune cells," he says. This 
process is like the police arresting and 
prosecuting criminals. 
The security forces share information 
on the perpetrators to design plans to 
ward off future attacks, he explains. These 
crime-fighting strategies vary depending 
on the nature of the threat, be it a terrorist 
attack or a gang killing. 
Similarly, the immune system has 
specific strategies for different pathogens, 
such as bacteria and viruses, Tummala 
says. "To get the best out of a vaccine, we 
need to simulate those pathogens." 
"The body's immune system sees 
pathogens as foreign, particulate and 
containing multiple antigens," Tummala 
explains. When the body senses what are 
known as pathogen-associated molecular 
patterns or PAMPs, the body ramps up its 
fighting forces. 
A normal immune response might be 
ranked as a 10, he says, "but when PAMPs 
are present, the response could become 
200." 
Tummala and doctoral student Sunny 
Kumar used inulin acetate taken from a 
fiber that comes from tubers, such as 
dahlias or chicory, to make pathogen-like 
nanoparticles. The fiber is natural, 
inexpensive and easily accessible. 
Then the researchers incorporated 
pathogen-related antigens inside the 
nanoparticles, Tummala explains. "Once 
the antigen-presenting cells sense these 
particles as pathogens, they eat them and 
process them as PAMPs." This process 
causes the immune system to mobilize a 
powerful virus-fighting army. 
Increasing efficiency of flu vaccine 
Tummala tested the efficiency of the 
vaccine delivery system against a lethal 
challenge of 2009 pandemic H lN l  flu 
virus in mice. To do this, he collaborated 
with Dr. Victor Huber, assistant professor 
at the Sanford School of Medicine, an 
infectious disease specialist whose research 
at the University of South Dakota focuses 
on influenza. 
Within eight days, 90 percent of the 
unvaccinated mice died. Those who 
received vaccine containing one antigen 
got the flu, and all but one recuperated 
from it, Tummala says. "None of those 
who got the vaccine with two antigens 
came down with the flu." 
The testing showed the vaccine 
delivery system works, explains Huber. 
"Focusing on specific proteins 
instead of a whole 
virus allows 
for a stronger immune response targeted 
at those particular proteins." 
Though these results are encouraging, 
Tummala cautions, "humans have much 
more complex responses than animals." 
Combatting throat cancer 
Five out of every 100,000 South 
Dakotans will develop head and neck 
cancer caused by the human 
papillomavirus, according to Dr. John Lee 
of Sanford Health, who specializes in head 
and neck cancers. The incidence of this 
cancer has tripled in the last I O  to 20 
years. 
Though two vaccines exist to prevent 
human papillomavirus-induced cancer of 
the throat lining, Lee and his team have 
developed a th era peu tic vaccine to treat 
patients diagnosed with this cancer. 
"We can target the proteins to cause an 
immune response," Lee explains. Using 
Tummala's delivery system, Lee anticipates 
that he can accentuate this response. 
"I t  will help ramp up the forces to fight 
the cancer," Lee says. In animal trials, the 
vaccine has resulted in a 20 to 30 percent 
improvement in long-term survival. 
Lee is currently waiting for approval 
from the Food and Drug Administration 
for a human study. He anticipates it will be 
at least a year before this can begin. 
Developing animal vaccines 
The low cost of the 
technology, estimated at a dollar 
or two a dose, also makes it 
suitable for animal vaccines, 
Tummala explains. He is 
working with other 
SDSU researchers to 
apply the delivery 
system to sheep 
and swine 
vaccines. 
-
Alan Young, 
chief scientific 
officer of 
Med gene, 
anticipates using 
the technology to 
target diseases 
that affect both 
animals and 
humans, 
particularly those 
ca used by ticks, Hemachand Tummala 
fleas and midges. 
Tummala's antigen delivery system should 
help stabilize the proteins and make the 
vaccine last longer. 
When Tummala came to SDSU five 
years ago, he had no idea what he might 
be able to accomplish. Now he envisions 
producing these vaccine formulations 
through the licensing agreement with 
Medgene Labs, which will distribute them 
through pharmaceutical companies across 
the nation. 
Top left: The weak green fluorescence in this microscope 
image shows the low level of antigen taken up by the immune 
cells when presented in the solution. 
Bottom left: Bright green fluorescence means that the patent­
pending antigen delivery system has delivered high amounts of 
the antigen to immune cells to ramp up its immune responses. 
Using an inverted fluorescence microscope, assistant professor 
of pharmacy, Hemachand Tummala, standing, and doctoral 
student Sunny Kumar examine the vaccine-uptake capabil ity of 
immune cells. 
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As a high-performing research institution, many of our faculty members take on leadership roles and are 
recognized on a national level for the high caliber of their work. Here are some of those who have done so during 
the last year. 
• Katie Bertrand, assistant professor of natural resource management, was elected secretary-treasurer of the 
education section of the American Fisheries Society. 
• Steven Chipps, adjunct professor of natural resource management and a past president of the American 
Fisheries Society, is now science editor of the society's magazine, Fisheries. 
• Sharon Clay, professor of plant science, became the first female president of the American Society of 
Agronomy. 
• Mary Emery, professor and head of the department of sociology and rural studies, received the distinguished 
service award from the Community Development Society. 
• Geoff Henebry, co-director of the Geospatial Sciences Center of Excellence and professor of natural resource 
management, was elected chair of the advisory committee for the USA National Phenology Network. 
• Linda Herrick, associate dean of undergraduate nursing, was named a fellow by the American Academy of 
Nursing. 
• Carol Johnston, professor of natural resource management, was named a fellow of the Society of Wetland 
Scientists. She was also elected to the board of directors of the Consortium of Universities for the Advancement 
of Hydrologic Science Inc . ,  and appointed by the National Academies to the U.S. National Committee for the 
International Union of Soil Sciences. 
• Kendra Kattelmann, professor of health and nutritional sciences, received the 201 3  Excellence in Practice -
Dietetic Research Award from the Academy of Nutrition and Dietetics. 
• Kevin Kephart, vice president for research and professor of plant science, was appointed co-chair of the 
Biomass Research and Development Initiative Technical Advisory Committee by U.S. Department of Agriculture 
Secretary Tom Vilsack and Department of Energy Secretary Ernest Moniz. 
• Eric Kutscher, associate professor of pharmaceutical sciences, was designated a fellow of the American 
Society of Health-System Pharmacists. 
• Jason McEntee, associate professor and acting head of the English department, has been invited to serve as a 
field bibliographer for the Festschriften literature section of the ML.A International Bibl iography. 
• Hasmukh Patel ,  assistant professor of dairy science, received the 201 3  American Dairy Science Association's 
Foundation Scholar Award in dairy foods. 
• Meredith Redl in ,  professor of sociology and rural studies, was the recipient of the excellence in teaching award 
from the Rural Sociological Society. 
• David Roy, senior scientist in the Geospatial Sciences Center of Excellence and professor of geography, was 
selected to join the USGS Landsat Science Team and elected as its co-chair. 
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